Flavonoids in the family Amaranthaceae
The Amaranthaceae consists of ca. 2400 species of ca. 160 genera and is widely distributed in the world. Major compounds are flavonols, e.g. 3-O-galactoside, 3-O-(p-coumaroylgalactoside), 3-Orobinobioside of isorhamnetin (3, 5, 7 ,4´-tetraOH-3´-OMe-flavone), kaempferol 3-O-rhamnosylgalactoside and quecetin 3-O-galactoside from the aerial parts of Aerva javanica [20] , quercetin and its 3-Orutinoside and 3-O-glycoside from the leaves of Amaranthus paniculatus [9, 19] . Kaempferol, quercetin and isorhamnetin, and their glycosides were also isolated from the leaves of Chenopodium fremontii [47] , the seeds of C. pallidicaule [49] and the leaves of Hammada scoparia [50] . Rare flavonols, patuletin (3, 5, 7 ,3´,4´-pentaOH-6-OMe-flavone) and its 3-O-glucoside, and gomphrenol (3,5,4´-triOH-6,7-methylenedioxy-flavone) were isolated from the whole plants of Gomphrena claussenii together with common kaempferol, quercetin and isorhamnetin [21] , and the leaves of Gomphrena globosa [28] , respectively. Azaleatin (3, 7 ,3´,4´-tetraOH-5-OMe-flavone) 3-O-rutinoside was isolated from the aerial parts of Atriplex halimus [48] . Herbacetin (3, 5, 7, 8 ,4´-pentaOH-flavone) and 3-OH-5-OMe-6,7-methylenedioxy-flavone were found in the aerial parts of Chenopodium murale [51a] and Beta vulgaris var. vulgaris [52e], respectively. The latter compound was isolated from the roots which were inoculated Rhizoctonia solani [52e]. Spinacia oleracea synthesizes various flavonol aglycones and glycosides [53] . For example, patuletin, spinacetin (3,5,7,4´-tetraOH-6,3´-diOMe-flavone) and 6-methoxykaempferol (3,5,7,4´-tetraOH-6-OMe-flavone) as aglycones, and 5,4´-diOH-3,3´-diOMe-6,7-methylenedioxy-flavone 4´-O-glucuronide, jaceidin (5, -glucoside] and so on as glycosides were reported from the leaves, aerial parts and pollen [53] . The rare sulphated flavonols, kaempferol and quercetin 3-sulphate-7-Oarabinosides, were isolated from the leaves of Atriplex hortensis [54] . Acylated flavonol, quercetin 3-O-(6´´-malonylglucoside) was reported from the aerial parts of Salicornia europaea [55] .
Flavones were isolated from Aerva persica [22a] , Gomphrena martiana [23d] and Alternanthera sessilis [24] . Chrysin (5,7-diOHflavone) 7-O-glucoside, and baicalein 5,6-dimethyl ether (7-OH-Flavonoids of betalain-containing plants Natural Product Communications Vol. 10 (6) 2015 1105 5,6-diOMe-flavone) and oroxilin A (5,7-diOH-6-OMe-flavone) were isolated from the roots of A. persica [22a] and whole plants of G. martiana [23a] , respectively. The former species accompanied with a rare C-glycosylflavanone, aervanone ( Figure 3) [22b]. Tricin (5, 7 ,4´-triOH-3´,5´-diOMe-flavone) was detected from the leaves of two Atriplex species, A. canescens and A. centralasiatica [56, 57] and Salsola collina [57] . This compound was also found in the leaves of two Ceratoides species, C. lanata and C. latens, together with 5,7,4´-triOH-6,3´,5´-triOMe-flavone [56] . As other flavones, 4´-O-demethylabrectorin (7,3´,4´-triOH-6-OMe-flavone) 7-Orhamnoside-3´-O-xyloside, and hispidulin (5, 7 ,4´-triOH-6-OMeflavone), 6-hydroxyluteolin 6,7,3´,4´-tetraOMe, salvigenin (5-OH-6,7,4´-triOMe-flavone), scutellarein 5,6,7,4´-tetraOMe (5,6,7,4´-tetraOMe-flavone) and sinensetin (5,6,7,3´,4´-pentaOMe-flavone) were reported from the fruits of Chenopodium ambrosioides [58a] and the aerial parts of Chenopodium botrys [59] , respectively. Rare four flavonols, 3,5-diOMe-6,7-methylenedioxy-flavone [23b], 5,7-diOH-3,6-diOMe-flavone, galangin triOMe (3,5,7-triOMe-flavone) and 3,5,6,7-tetraOMe-flavone were found in the whole plants of G. martiana [23c]. A rare flavanone, 7,3´,4´,5´-tetraOH-flavanone 7-O-glucoside was isolated from the leaves of Alternanthera sessilis [24] . Each two flavanones and dihydroflavonols were reported from Beta vulgaris var. vulgaris, and identified as betagarin, dihydrooroxilin A, and 3,5-diOH-6,7-methylenedioxy-flavanone and 3,5,7,4´-tetraOH-3´-OMe-flavanone ( Figure 4) [52, 60], respectively. Of their compounds, betagarin is known to be phytoalexin [52b]. Another flavanone was isolated from the leaves and stems of Salicornia europaea and identified as 2´-OH-6,7-methylenedioxy-flavanone ( Figure 5 ) [62] . C-Glycosylflavones were reported from nine taxa, i.e. isovitexin, and vitexin and its 2´´-O-glucoside and 2´´-O-rhamnoside from the aerial parts of Alternanthera maritima, together with some flavonols [25] , isoorientin and orientin from the leaves of Alternanthera sessilis and Deelongia amaranthoides [9] , a rare alternanthin (chrysoeriol 6-C-voivinoside, Figure 6 ) from the stems and leaves of Alternanthera phyloxeroides [26b], together with a flavone, nepetin (5,7,3´,4´-tetraOH-6-OMe-flavone) 3-Orhamnoside [26a] , isoorientin and/or orientin from Atriplex centralasiatica [57] , Beta trigyna [9, 18] and B. vulgaris var. vulgaris [9] , and isovitexin 2´´-O-rhamnoside and 2´´-O-xyloside from the leaves of two Beta vulgaris varieties, var. rubra and var. saccharifera [68b]. A rare isoflavone, tlatlancuayin, was isolated from the whole plants of Iresine celosioides, and identified as 5,2´-diOMe-6,7methylenedioxy-isoflavone ( Figure 7 ) [27] . Some isoflavonoids were isolated from Anabasis salsa [57] , five Beta taxa [52, 60] and Salsola somalensis [61] . 2´-OH-5,6,7-triOMe-isoflavone and 5,6,7,2´-tetraOMe-isoflavone were found in the aerial parts of the former species [35] . On the other hand, betavulgarin (2´-OH-5-OMe-6,7-methylenedioxy-isoflavone) was isolated from the roots of Beta corolliflora, B. lomatogona, B. procumbens, B. trigyna and B. vulgaris var. vulgaris, and shown to be phytoalexins agaist Helminthosporium carbonum [60] , Cercospora beticola [68b, 52c, 52f] and Rhizoctonia solani [52e]. Two glycosides of betavulgarin, 2´-O-glucoside and 2´-O-xyloside were also isolated from B. vulgaris which was infected to R. solani [52] . 2´-Substituted isoflavonoids, 7,2´-diOH-6-OMe-isoflavone and 5,2´-diOH-6,7methylenedioxy-isoflavone, and 5,3´-diOH-2´-OMe-6,7methylenedioxy-isoflavone, 5,3´-diOH-6,7,8,2´-tetraOMeisoflavone and 5,3´-diOH-7,8,2´-triOMe-isoflavone ( Figure 8 ) were isolated from Salicornia europaea [62] , and Salsola somalensis [61], respectively.
As described above, common flavonoids in the Amaranthaceae are flavonols, together with minor flavones, flavanone, dihydroflavonol and isoflavonoids. However, chalcone and aurone are not reported. Flavan and proanthocyanidin are not reported from the Amaranthaceae except for unknown proanthocyanidins from the seeds of Chenopodium ambrosioides, Beta vulgaris, Suaeda maritima and Polycnemum arvense [14] . 1106 Natural Product Communications Vol. 10 (6) 2015 [18] ; C-Glycosylflavones: Isoorientin, Orientin (lv) [9] , Vitexin (lv) [18] , Ceratoides lanata Flavones: 5,7,4´-TriOH-6,3´,5´-triOMe-flavone (lv) [56] , Tricin (lv) [56, 93] ; Flavonols: Quercetin 5,7,3´,4´-tetraOMe (lv) [93] , Syringetin 3-O-glc (ap) [57, 93] : C. latens Flavones: 5,7,4´-TriOH-6,3´,5´-triOMe-flavone, Tricin (lv); Flavonols: Isorhamnetin, Kaempferol, Quercetin (lv) [56] Chenopodium album Flavonol: Quercetin (lv) [ [49] : C. polyspermum Flavonols: Kaempferol, Quercetin (lv) [9] : C. quinoa Flavonols:
Iwashina
Cyathula capitata Flavonol: Quercetin (lv) [9] Deelingia amaranthoides Flavonols: Kaempferol, Quercetin (lv); C-Glycosylflavones: Isoorientin, Orientin (lv) [9] Dysphania littoralis Flavonols: Kaempferol, Quercetin (lv) [9] Gomphrena claussenii Flavonols: Isorhamnetin, Kaempferol, Kaempferol 3-O-glc, Patuletin, Patuletin 3-O-glc, Quercetin (wp) [21] : G. globosa Flavonols: Kaempferol, Quercetin (lv) [9] , Gomphrenol (lv) [28] Hammada scoparia Flavonols:
Honckenya peploides Flavonol: Kaempferol (lv) [9] Iresine celosioides Isoflavonoid: Tlatlancuayin (wp) [27] Kochia scoparia Flavonols: Kaempferol, Quercetin (lv) [9] Pandiaka welwitchii Flavonols: Kaempferol, Quercetin (lv) [9] Rhaquodia nutans Flavonols: Kaempferol, Quercetin (lv) [18] Salicornia europaea Flavanone: 2´-OH-6,7-methylenedioxy-flavanone (lv, st) [62] ; Flavonols: Quercetin (lv) [9] , Quercetin 3-O-(6´´-mal-glc) (ap) [55] ; Isoflavonoids: 7,2´-DiOH-6-OMe-isoflavone, 5,2´-DiOH-6,7-methylenedioxy-isoflavone (lv, st) [ 
ap: aerial parts, fr: fruits, lv: leaves, po: pollen, rt: roots, sd: seeds, st: stems, wp: whole plants, apf: apiofuranose, arb: arabinose, p-com: p-coumaric acid, fer: ferulic acid, gal: galactose, gen: gentiobiose, glc: glucose, glu: glucuronic acid, gly: glycose, mal: malonic acid, rham: rhamnose, rob: robinobiose, rut: rutinose, sop: sophorose, sul: sulfate and xyl: xylose.
Flavonoids in the family Basellaceae
The Basellaceae is a small family of climbing vines, mostly from tropical America, rarely tropical Africa, Madagascar, southern Asia, New Guinea and some Pacific islands, and consists of 22 species of four genera. Only four species, Anredera cordifolia, A. scandens, Basella alba and Boussingaultia baselloides, were surveyed for flavonoids. Flavonol, quercetin, was found in the leaves of A. cordifolia and B. baselloides [9, 18] . In the latter species, Cglycosylflavone, vitexin, was accompanied. C-Glycosylflavones, vitexin, isovitexin, orientin and isoorientin, were detected in the leaves of Basella alba [9, 18] . Very rare chalcone was isolated from Flavonoids of betalain-containing plants Natural Product Communications Vol. 10 (6) 2015 1107 the rhizomes of Mexican Anredera scandens, and identified as 3formyl-4,6-diOH-2-OMe-5-Me-chalcone ( Figure 9 ) [29] . However, flavone O-glycoside, aurone, isoflavonoid, flavanone, dihydroflavonol, and flavan and proanthocyanidin never found in this family. Anredera cordifolia Flavonol: Quercetin (lv) [9] : A. scandens Chalcone: 3-Formyl-4,6-diOH-2-OMe-5-Me-chalcone (rz) [29] Basella alba C-Glycosylflavones: Isoorientin, Isovitexin, Orientin (lv) [9] , Vitexin (lv) [9, 18] Boussingaultia baselloides Flavonol: Quercetin (lv); C-Glycosylflavone: Vitexin (lv) [18] lv: leaves and rz: rhizomes.
Flavonoids in the family Cactaceae
The Cactaceae is a large family of perennial, xerophytic trees, shrubs or shrublets of distinctive appearance, all more or less succulent, and consists of ca. 2000 species. The species are mainly growing in semideserts of the warmer parts of North, Central and South America and adjacent islands [8] . Major flavonoids of the Cactaceae are flavonols (Table 4) [34] . Many sugar-free forms of flavonols are reported. In Astrophytum spp., free quercetin was isolated as a yellow flower pigment, together with a trace of free kaempferol and isorhamnetin [35] . They were present as crystals in the vacuoles of the tepals. Comparatively rare methoxylated flavonol glycosides, quercetin 3-OMe 7-O-glucoside and 4´-O-glucoside, were isolated from the flowers of Neochilenia, Neoporteria and Parodia species which are native to South America [36] . Polymethoxylated flavonol, retusin (5-OH-3,7,3´,4´-tetraOMe-flavone) was isolated from the stems of Ariocarpus retusus [37] . As other methoxylated flavonols, isokaempferide (5,7,4´-triOH-3-OMe-flavone), rhamnocitrin (3,5,4´-triOH-7-OMe-flavone) and annulatin (5,7,3´,4´,5´-pentaOH-3-OMe-flavone) were found in the spine of Austrocylindropuntia sublata and the stems of Opuntia quimillo, the spine of Rhodocactus grandiflorus, and the spine of Cereus jamakaru and Cleistocactus variispinus, respectively [38] .
Flavones and their glycosides were reported from some Cactaceous species (Table 4) . Common apigenin and luteolin 7-O-glucosides were found in the flowers of seven Echinocereus taxa, E. engelmannii, E. enneacanthus, E. fendleri, E. pectinatus, E. polyacanthus, E. stramineus and E. triglochidiatus var. triglochidiatus [33] . Simple flavone, baicalein (5,6,7-triOHflavone) was detected in the stems and leaves of Austrocylindropuntia sublata [18, 38] . Though baicalein and its 7-O-glucoside and 7-O-(6´´-malonylglucoside) were also isolated from Cephalocereus senilis, together with other flavones, 6,7-diOH-5-OMe-flavone 7-O-glucoside, chrysin and scutellarein 4´-OMe (5,6,7-triOH-4´-OMe-flavone), they were extracted from the callus induced by chitin in liquid suspension cultures [39b, 39d]. Two flavanones, (2S)-6,7-diOH-5-OMe-flavanone 7-O-glucoside and (2S)-5,6,7-triOH-flavanone 7-O-glucoside ( Figure 10) were also isolated from the callus [39c, 39d]. As the flavanones in normal cells, 7-O-glycosides of eriodictyol (5,7,3´,4´-tetraOH-flavanone) and/or naringenin (5,7,4´-triOH-flavanone) were found in six Echnocereus species [33] . Free naringenin and its 7,4´-diOMe were reported from the spine of Mammilaria elongata and Rhodocactus grandiflorus [38] . An aurone, cephaloceron, was isolated from the callus induced by chitin in liquid suspension cultures of Cephalocereus senilis and identified as 6-OH-4,5-methylenedioxyaurone ( Figure 11) [39a, 39c] . This aurone exhibited antibacterial activity in a quantitative antimicrobial assay and its activity against a bacteria which can cause cactus rot, Erwinia sp., is underway [39a] . The presence of aurone was reported from betalaincontaining plants for the first time. Dihydroflavonols were detected in some Cactaceous species, i.e. aromadendrin (3,5,7,4´-tetraOHflavanone) and taxifolin (3,5, [38] . Dihydroflavonol glycosides, 7-O-glycosides of aromadendrin, taxifolin and ampelopsin (3,5,7,3´,4´,5´-hexaOHflavanone), were found in six Echinocereus species (Table 4 ). In the Cactaceae, chalcone, isoflavonoid, C-glycosylflavone, and flavan and proanthocyanidin are not reported. Austrocylindropuntia sublata Dihydroflavonols: Aromadendrin, Taxifolin (sp) [38] ; Flavone: Baicalein (st, lv) [18, 38] 
Flavonoids in the family Didiereaceae
The Didiereaceae is a family of chiefly columnar cactus-like plants and endemic to Madagascar. Eleven species are recognized in four genera, Alluaudia, Alluaudiopsis, Decaryia and Didierea. Flavonoids have been reported from all species (Table 6) [75] : A. montagnacii Flavonol: Quercetin (ap) [9] , C-Glycosylflavone: Vitexin 2´´-O-xyl (lv) [75] : A. procera Flavonols: Quercetin (ap) [9] , Isorhamnetin 3-O-rham-glc, Quercetin 3-O-rut (lv) [75] ; C-Glycosylflavones: Vitexin X´´-O-gly, Vitexin 2´´-O-xyl (lv) [75] Alluaudiopsis fiherenensis Flavonol: Quercetin 3-O-rut (lv) [75] : A. marnieriana Flavanone: 5,7,3´-TriOH-4´,5´-diOMe-6,8-diMe-flavanone (bk) [72] Decaryia madagascariensis Flavonols: 5,7,3´,4´-TetraOH-3,6,5´-triOMe-flavone, 5,7,3´-TriOH-3,6,4´,5´-tetraOMe-flavone (bk) [73] Didierea madagascariensis Flavonols: 5,7,4´-TriOH-3-OMe-6,8-diMe-flavone (bk) [74] , Quercetin 3-O-rut (lv) [75] ; C-Glycosylflavone: Vitexin 2´´-O-xyl (lv) [75] : D. trollii Flavonol: Quercetin 3-O-rut (lv) [75] ; C-Glycosylflavone: Vitexin 2´´-O-xyl (lv) [75] ap: aerial parts, bk: bark, lv: leaves, sp: spine, glc: glucose, gly: glycose, rham: rhamnose, rut: rutinose and xyl: xylose.
Flavonoids in the family Nyctaginaceae
The Nyctaginaceae is a family of chiefly tropical herbs, shrubs and trees, and consists of ca. 290 species of 30 genera. However, eleven species only were surveyed for flavonoids (Table 7) . Flavonol, quercetin, was reported from Boerhaavia electa, B. diffusa, Bougainvillea glabra, Mirabilis jalapa and M. multiflora as aglycone and/or glycosides [9, 13, 18] . As other flavonols, axillarin and chrysosplenol D (5,3´,4´-triOH-3,6,7-triOMe-flavone), and eupalitin (3,5,4´-triOH-6,7-diOMe-flavone) and 6methoxykaempferol glycosides were isolated from the leaves and stems of Abronia latifolia [76] and the whole plants of Boerhaavia repens [77a] , respectively. Ermanin (5,7-diOH-3,4´-diOMeflavone), 6-hydroxykaempferol 6,4´-diOMe, jaceidin (5,7,4´-triOH-3,6,3´-triOMe-flavone), kaempferol 3,7,4´-triOMe, kumatakenin (5,4´-diOH-3,7-diOMe-flavone), pachypodol (5,4´-diOH-3,7,3´-triOMe-flavone), rhamnazin (3,5,4´-triOH-7,3´-diOMe-flavone) and so on were repored from the aerial parts of Mirabilis jalapa as exudates [78] . A flavone, 5,7-diOH-3´,4´-diOMe-6,8-diMe-flavone, was isolated from the roots of Boerhaavia diffusa [79f]. Flavone aglycones, acacetin (5,7-diOH-4´-OMe-flavone), apigenin (5,7,4´-triOH-flavone), apigenin 7,4´-diOMe, chrysoeriol (5,7,4´-triOH-3´-OMe-flavone), cirsimaritin (5,4´-diOH-6,7-diOMe-flavone), genkwanin (5,4´-diOH-7-OMe-flavone), luteolin and velutin (5,4´-diOH-7,3´-diOMe-flavone) were also obtained as exudates from Mirabilis viscosa [78] . Other flavones, hispidulin and nepetin were found in Abronia latifolia with common luteolin [76] . Isoflavonoids were isolated from A. latifolia and two Boerhaavia species, B. coccinea and B. diffusa, and Mirabilis jalapa [76, 79 -81] . Abronisoflavone (Figure 14) was isolated from the leaves and stems of A. latifolia [76] . Five and 14 isoflavonoids were reported from the roots of Boerhaavia coccinea and B. diffusa and identified as coccineons A-E ( Figure 15) [80], and boeravinones A-C ( Figure  16 ), boeravinones D-H, coccineons B and C, 10demethylboeravinone C, 2´-OMe-abronisoflavone, 10-OH-9-OMecoccineon B and 4,6,11-triOH-9-OMe-10-Me-rotenone [75] , respectively. Two rotenoids, repenol and repenone ( Figure 17) were isolated from the whole plants of Boerhaavia repens [77b]. Though other three isoflavonoids, 6-OMe-boeravinone C, 4-OH-9-OMeboeravinone B and 2´-OMe-abronisoflavone were also obtained from Mirabilis jalapa, they were extracted from the cell mass from a manupilated plant cell cultures [81] . Flavan and proanthocyanidins, catechin, epicatechin, procyanidins B-1 and B-2, which are only one report in the Nyctaginaceae, were found in the stems of Boerhaavia electa and characterized by HPLC-ESI-MS [13] . Flavanone, dihydroflavonol, chalcone and aurone are not found in the Nyctaginaceae until now. 
Repenol
Repenone Figure 17 : Isoflavonoids from Boerhaavia repens. Bougainvillea glabra Flavonols: Kaempferol, Quercetin (lv) [9, 18] Mirabilis longiflora Flavonol: Quercetin (lv) [9] : M. jalapa Isoflavonoids: 6-OMeboeravinone C, 4-OH-9-OMe-boeravinone B, 2´-OMe-abronisoflavone (cc) [81] ; Flavonols: Quercetin (lv) [9, 18] , Kaempferol (lv) [18] : M. multiflora Flavonol: Quercetin (lv) [9] : M. viscosa Flavones: Acacetin, Apigenin, Apigenin 7,4´-diOMe, Chrysoeriol, Cirsimaritin, Genkwanin, Luteolin, Velutin (lv); Flavonols: Ermanin, 6-OH-kaempferol 6,4´-diOMe, Isokaempferide, Isorhamnetin, Jaceidin, Kaempferide, Kaempferol, Kaempferol 7,4´-diOMe, Kaempferol 3,7,4´-triOMe, Kumatakenin, Pachypodol, Quercetin 3,7-diOMe, Quercetin 3,3´-diOMe, Quercetin 3-OMe, Quercetin 7,3´,4´-triOMe, Retusin, Rhamnazin, Rhamnocitrin (ap) [78] : M. wrightiana Flavonol: Quercetin (lv) [9] ap: aerial parts, cc: cell suspension culture, lv: leaves, rt: roots, st: stems, wp: whole plants, gal: galactose, glc: glucose, gly: glycose, rob: robinobiose and rut: rutinose.
Flavonoids in the family Phytolaccaceae
The Phytolaccaceae is a family of trees, shrubs, woody climbers and herbs, and consists of ca. 125 species of 22 genera. Most members of the family are native to tropical America and the West Indies. Twelve species of 6 genera have been surveyed for flavonoids (Table 8 ). Flavonols, especially kaempferol and quercetin, and their glycosides, were reported from all species examined except for Microtea debilis which contains a flavone, cirsimaritin 4´-O-glucoside [82] . As other flavonols, myricetin 3-O-rhamnoside from Petiveria alliacea [83] , rhamnetin (3,5,3´,4´-tetraOH-7-OMeflavone) and rhamnocitrin (3,5,4´-triOH-7-OMe-flavone) 3-Oglycosides from Phytolacca americana and P. rigida [71], and P. thyrsiflora [85] , respectively. Polymethoxylated flavonol, ombuin (3,5,3´-triOH-7,4´-diOMe-flavone) 3-O-rutinoside, was obtained from the leaves of Phytolacca dioica [88] . In cosmopolitan weed, P. americana, geographic variation occurs. Though the presence of methoxylated flavonols, rhamnetin and rhamnocitrin 3-Oglycosides, was reported in the individuals of southeastern United States [84] , they were completely absent in Japanese individual [86] . C-Glycosylflavones, isoorientin and orientin, were detected from the leaves of Trichostigma peruviana only [9] . Two dihydroflavonols, aromadendrin and taxifolin 3-O-rhamnosides, and flavanones, leridal, leridol and 5-methoxylelidol ( Figure 18) were isolated from the leaves of Petiveria alliacea [83] . Other flavonoid classes, isoflavonoid, chalcone, aurone, and flavan and proanthocyanidin are not reported from the Phytolaccaceae except for unknown proanthocyanidins in the seeds of Geiskia pharnaceoides and Phytolacca americana [14] .
Leridal
Leridol 5-Methoxyleridol Rivina purpurascens Flavonol: Kaempferol (lv) [9] Trichostigma peruviana Flavonol: Kaempferol (lv); C-Glycosylflavones: Isoorientin, orientin (lv) [9] lv: leaves, wp: whole plants, apf: apiofuranose, gal: galactose, glc: glucose, gly: glycose, rham: rhamnose, rut: rutinose and xyl: xylose.
Flavonoids in the family Portulacaceae
The Portulacaceae is a family of annual or perennial more or less succulent herbs or subshrubs, and consists of ca. 500 species. Twenty-seven species have been surveyed for flavonoids (Table 9 ).
Major flavonoids are C-glycosylflavones, vitexin and/or orientin, and flavonol, quercetin, in almost species [89] . Flavonoids of a few species have fully been analyzed, and 3-O-glucosides, 3-Oarabinosylglucosides and 3-O-rhamnosylarabinosylglucosides of kaempferol and quercetin were detected from four Claytonia species, C. parviflora, C. perfoliata, C. rubra and C. virginica [90, 91] . Flavone was found in the leaves of Silvaea celosioides and characterized as apigenin [89] . Other flavonoid classes except for flavone, flavonol, C-glycosylflavone, and flavan and proanthocyanidin are not reported.
As described above, various flavonoid classes, flavone, Cglycosylflavone, flavonol, flavanone, dihydroflavonol, chalcone, aurone, and flavan and proanthocyanidin except for anthocyanin and biflavonoid, are reported from betalain-containing species. It seems that flavonols are major flavonoids in betalain-containing families (Table 10) . C-Glycosylflavones were frequently found in the Didiereaceae and Portulacaceae, scattedly the Amaranthaceae, Basellaceae, and rarely Phytolaccaceae. Flavones were also detected from all families except for the Basellaceae and Didiereaceae. Flavanones and dihydroflavonols were frequently reported in the Cactaceae, especially the genera Echinocereus and Opuntia. Some isoflavonoids were found in the Amaranthacae, especially the genus Beta as phytoalexins, and chalcone and aurone were present in each one species of the Basellaceae and Cactaceae. Though anthocyanin is completely absent in those families, biosynthetically related flavan and proanthocyanidins were isolated from Nelia meyeli (Aizoaceae) [11] and Boerhaavia electa (Nyctaginaceae) [13] . Unknown proanthocyanidins were also found in the unripe seeds of 20 species from the Aizoaceae, Amaranthaceae, Basellaceae, Cactaceae, Nyctaginaceae, Phytolaccaceae and Portulacaceae [14] . Practically, it was recently proved that dihydoflavonol 4-reductase (DFR) and also anthocyanin synthase (ANSs) are present in Phytolacca amercana and Spinacia oleracea [16] . More recently, five families, Tamaricaceae, Plumbaginaceae, Polygonaceae, Droseraceae and Nepenthaceae, were newly added in the order Caryophyllales by APG. However, anthocyanins were commonly reported from their families, together with other flavonoids [92] . 
